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APPENDIX A 


FLOW REGULATOR 


SUMMARY SHEETS 


InoqieH 


STSP 


O90T 


InoqiteH 


yoo19 
TTtyupeY 


OvOT 


inoqieH 


ye0I9 
TT FURS 


ainoqieH 


ainoqieH 


MOTA 


poyreATd |pe_aAeatpun| AQZTOedeD| pe_yrTeATpUNH 


pToysesuL 


e°ST 0092 
8°OP OO8T 
OAL OSz 
6°L OOST 
0°08 00S 
POS 076 
9°6 O8t 
O°ST Oze 
aes OO€ 
L°O€ 0z9 
(eu/s/T) (S/T) 
MOT 


wnuTxep 


( 


eoly 
obeuteirzg 

snotTAreduy 

weo1i4sdn 


OZLT 


vv 


e 4 


O€ 


OS 


jie 


T8 


O7@ 


eH) 


uoj but Tang 
T 7emMeaaoO 


QOUSIMET 
i /gueTYyood 


pilers2tea 
T /ITOM 


uojdwetg / 
€ | euzeoyze1z4sS 


uoqjsusenh 


xT /aztepyv 


eTepyazed 
¥*1T /UTATON 

MOTS 
Z /etTepyred 


PIeEMPOOM 
¥T /UTATOW 
eTepyzed 
ic /MOTO 


uo} but Tang 
(3s /eTepyzed 


odd uOTIeOOT 


O80T 


SZOT 


TZOT 


O90T 


Cate 


OSOT 


OvVOT 


VEOE 


OTOT 


OOOT 


roze{Tnbsy 
MOTA 


qd) SHL NIHLIM SHOLWINOYY MOTTA YOCVWN 


T aATav. 


inoqieH 


ainoqiey 


OE?! 


ainoqieHy 


anoqieH 


ainoqieH 


anoqieH 


anoqieH 


ainoqieH 


inoqieH 


anoqieH 


GLOE 


(eu/s/T) 
MOTA 


peqreAtgd|pe_yreatpun| AQtToOeded | pe_yreaATpuNn 


prTousesuL 
JO uotTqzOeITA 


Ove 


O8Z 


068 
OGe 


OVI 


006 


OvT 


O4 


OOT 


OSS 


09 


O8T 


(S/T) 


MOTA 


wnuTt XeW 


VL 


O€ 


vi 


LT 


ST 


LC? 


8 


Le 


ERS: 


(eH) 
eolW 
oebeuteiq 


snotAroduy 
weos1i4sdy 


NO 


¥C 


x1 


*T 


odAy, 


MOTHS /uungd 


uoj1zeg 
/UZENH 


qazenys 
/QQeNoW 


FaAeNAS 
estnyg/sower 


qZuewyo zeoqns 
uO{HUTT TOM 


PpOOM 
/uosnbisy 


yoorg 
feuTreyzeD 


uojaing 
/UA10M4U8M 


uo} but Tang 
/PIeATTTH 


yortd 
/sseoutid 


quowsbpy 
/UTeW 


uOTIeOOFT 


qd0 HHL NIHLIM SYHYOLVINOAY MOTA YOCVN 


p**quo9 


STO? 


OSZt 


OVC! 


OECT 


Ucctr 


UtCL 


OOCT 


O6TT 


OZLTT 


O9TT 


OSTT 


OOTT 


rojzeTnbsy 


MOTA 


T dav 


a. os 


tun? i) : | vi 
. | T | 

mena ov ,. -§ 7 

oi 


(OTTT °6°8) Szequnu AZeTUT AUSWYoORZeOGnS 30 

(S€TZ °6°9) squsweTS AeMes ASYyATS OF puOodsezIOD sASquNN 2r0ReTNHoY moTy 
(z03eTnNHbez eTHuts e se psTTepow 
Siojze[nber MOTF eAOW AO OMA *9°T) AOQeTNHEer mMOTF poedunt e setztubts 
“STTESINO OSD OF SUOTSIOATD 

OU Y4TM TEMES TOAdSDATBQUT OF SEeHAeYOSTp ABMSS poUTqUIOD 4yOSsATq °* 

*Zomos AzrejAtTues Of AeMeS pseuTquOoOoS worzz vdtg doiaq * 

*“ITOM YUATM 303eCH SOINTS peTTormu00-qIS ° 

°aqeTd soTFJTAO AO/pue 33eH SOTNTS pexTF UATM ATOM ° 

“ITOM °* 


¥ 


G 
4 
e 
C 
{ 
| 


sedAyj, 103e TNHsYy MOT >4.LON 
Y410MT TuUSy 

InoqieH €9 rs /yoeesg GLOE 
Siler 

GLITZ 077% 3 /uosnbie4 S6TZ 
uoj but Tang 

snoqiey LE € /uosnbis4 GLTZ 
UQIOM{USM 

anoqiey VST € /k1rewsesoy GOTZ 
uoj but Tang 

iInoqieH 6E7 v /ebe9 Getic 
eMe430 

/abe9 8 OEEE 

anoqiey €8T xG |uo{butTTaing FOETS 
Y4toMT Tusy 

GLOE €9 (s / AQ TRUYOW T607Z 


(eu/Ss/T) C377) (eH) 
MOTA eoly rozeTnNbey 
pe_ArTsATq | peyTeATpun| AQtTOeEdeDd|]pe_ArAeATpUn}] VHbeuterxzq |sdAjy,| uUuoTIeDOT MOTA 
pToyseszuL wnuTxeW | SNOTATSEdWT 
tO UOTADSTIG weoso1i4sdy 


qad90 AHL NIHLIM SHOLVINDOAY MOTA YOCWW 


p* *3U0D T ATEVL 


== f5: cmaleh pre iz ae ab 


_ 

‘—= 
a a 
es ae “ir 


et o-. 


eum th 


(OLIT °6°9) Szequnu 3eTUT JUSeWYoOReOGnNS IO (GETZ 
-6°9) sqQuoweTS Temes ASeYyATS OF pucdsezI0D SAequNN Ar0ORZeTNHsyYy MOTH 
(zozeTNHbezr oTHuts e se poTTspow 
siojetTnber MoTyF oTOW TO OMA *a°T) AOQZeETNHerT MOTF podwn{t e sotFtuhts 
“STTeVFJINO OSD OF SUOTSIZATP 
ou YQTM temMes 109de0704UT 09 SobzeYyYOSTp AeMEeS pouTqWOD 4oOoItd “GC 
*zemos AreAtues Of JeMEeS peuTquODS woryZ odtq doiq ‘Ff 
*ITOM YUYTM 303eH BOTNTS peT[OIUOO-dLS “E 
‘ejeTd SeOTFJTIO 1O/pue 93eH SOTNTS peEexTF YATM ATOM “ZT 
“ITOM “T 


sodAy zo,zeTNHbsy MOTA >A.LON 

edoy 

S90 4009 /UuusTO OT8P 
COV 

So0q7009 /284OpsyoO OO8T 
uTequUNOW 

S83009 vS /sower O98T 
yYoVo19 pnozis 

@yHOpeYUd 67 /Tekou O€8Tt 

S$04009 vz ueMmg /uTeW O78T 
oui ASIOY 

S300) 68 /HutT199S OTST 
URL SssouzroAut / 

TITyuee1y9 eq) uojzbuTtT TOM O9rT 

(eu/s7T) (S/T) (eH) 
MOTA eoly zrojeTnboey 
peqyzeatq |pegzeatpun| AytToedeg}|peqyrzeatpun| eshbeutreszqd UOTIeROOT MOTA 


PpTOYSelAUL wnutxeW | SnotTArToduy 
JO UuOoTAOeITA weo1i4sdn 


GHHSYSAMHS MHSAYNO AMOGHHO AHL NIHLIM SHYOLWVINOAY MOTTA YOCWW 


¢c ATV 


any) astria Se 
1 


o mtre\ sa 


oo 

. 

7) 866s | Game 
leas whay* 


pnd POqute ive 


vee 


ee nt 


(OTTT *6°28) Szequnu YeTUT JUSWYoRZeOGNS AO (GETZ 

°B°9) SqQuSWeTS AMES ABYITS OF PUOodSeATAOD SAequNnN AOZeTNHbsy MOTA 
(z03eTNbexr eTHuts e se peTTepou 

sioje[tnbert MOTFJ STOW ATO OMA *9°T) AOZETNHSI MOTF podunt e sstFtubHts 


*STTeIJINO OSD O02 SUOTSIZATP 
OU UQZTM AZeMEeS TOAdSsOISeAUT O04 SEeHAeYOSTP TEMES poeuUTqUOD 4oSATq *° 


G 
*zemes AreATURS OF ABMOS poUTqUOS worz edtgd doiq ‘F 
"ITOM YATM 93eH BSOTNTS peTTOIWUOD-dLS “€ 

°o3eTd SOoTJTIO 10O/pue 33eH SOTNTS PexTF YATM ATOM °Z 
“ITOM “T 

sodAy rzozeTNHbsy MOTA 7g 


yYoVo91IN Hbuty 
TItTupeyY /QOUSZIMET 


(eu/S/T) (S/T) (eH) 
MOTA MOTA eoly zrojzeTnbsy 
pexyzreaAtq | pe_yzeaAtpun}] AAtTOededg|peyreATpuNn| eheuterzq |edAy,}] uoTWAeDOT MOTA 


PTOYUSeAUL wnwtxeW | SNOTATSdwWT 
FO UOTIOSVITO wesi4sdn 


GHHSYHEMAS MANO 'TIIHCSY AHL NI SHOLVINOAY MOTA YOCVWN 


€ AIEgvVd 


APPENDIX B 


DETAILED OVERVIEW OF 


SELECTED FLOW REGULATORS 


Table 1 lists the flow regulator reviewed in this Appendix and the reason for their review. 


Reason for Review of Flow Regulators 


Observed or expected dry weather overflow 
sites. 


Flow regulators where simple adjustments to 
the regulators are expected to decrease 


CSO frequencies and volumes 


Flow Regulators Reviewed 


Rosemary/Wentworth 
Birch/Princess 
Hillyard/Burlington 


Sterling 

Glen Road/Tope Crescent 
Chedoke/403 
Stuart/McNabb 
James/Guise 
Catharine/Brock 
Beach/Kennilworth 


Regulator Location: Rosemary/Wentworth 


CSO Outfall: Wentworth 

Neighbourhood Map Number: J6 

Detailed Plan Number: WH114 

Type and Function of Structure: STP Controlled sluice gate with weir. 
Overview: 


A field investigation suggests the following: 
1. The overflow weir may be too low to prevent dry weather overflows. 


ra The sanitary sewer which conveys flows from the regulator has the capacity to convey 
additional flow. 


Suggested Works: 


Increase the height of the overflow weir. 


Difficulty Level of Suggested Works: Moderate 

Comments: 

ue Currently, approximately 520 I/s can be conveyed from the regulator without CSO's. 

a The capacity of the sanitary sewer downstream of the regulatory (a 32" (800 mm) sewer at 


0.2 percent) is approximately 600 1/s. 


3. Region staff were scheduled to increase the height of the overfall weir in the fall of 1989. 


4. Dry weather overflows of sanitary sewage must be eliminated. 


Regulator Location: Birch/Princess 


CSO Outfall: Birch 
Neighbourhood Map Number: By! 
Detailed Plan Number: B-89 
Type and Function of Structure: Weir 
Overview: 


A field investigation suggests the following: 

iP The overflow weir is too low to prevent dry weather overflows. 

2 Sewage flows at the regulator and in the 24" combined sewer which conveys flows from the 
regulator (to Gibson Avenue) are slow and Stagnant. Sewage flows are quicker east of Gibson 


Avenue. These observations suggest the 24" combined sewer from Birch to Gibson may be 
blocked, or may have settled to a flatter grade over the years. 


Suggested Works: 


ip Check pipe for blockage and clean if possible. 

2: Replace approximately 75 m of combined sewer on Princess from Birch to Gibson if 
necessary. 

Difficulty Level of Suggested Works: Moderate if only cleaning is required. 

Comments: 


Ory weather overflows of sanitary sewage must be eliminated. 


Regulator Location: Hillyarda/Burlington 


CSO Outfall: Wentworth 

Neighbourhood Map Number: J=5 

Detailed Plan Number: H-47 (drop pipe structure details only) 

Type and Function of Structure: Drop pipe from combined sewer to sanitary sewer. 
Overview: 


A field investigation suggest the following: 


15 The 18" outfall pipe on Hillyard (north of Burlington) has no weir/control structure to regulate 
CSO and, consequently, dry weather overflows may occur. 

ee The 21“ outfall that starts at Hillyard/Burlington and runs west may be entirely (purposely) 
blocked. 


Suggested Works: 


te If the 18" line on Hillyard (north of Burlington) is a CSO outfall, rather than a combined sewer, 
construct a weir at its entrance to regulate CSO and to estimate dry weather overflows. 


Difficulty Level of Suggested Works: Moderate 
Comments: 


Dry weather overflows must be eliminated. Region staff were scheduled to investigate this area in late 
1989. 


Regulator Location: Sterling (80 m east of Forsythe by Creek) 


CSO Outfall: Sterling 
Neighbourhood Map Number: C-10 
Detailed Plan Number: S-89 
Type and Function of Structure: Weir 
Overview: 


A field investigation indicated the items below: 
t The overflow weir extends to the obvert of the existing 24" combined sewer. 


reat A rock or concrete block is lodged in the 24" combined sewer. This restricts the capacity of 
the 24“ sewer and produces a backwater effect into the flow regulator. 


Suggested Works: 
Remove the rock/concrete block from the combined sewer to increase the undiverted flow Capacity 
of the regulator and to decrease CSO volumes. 


Difficulty Level of Suggested Works: Moderate 


Comments: 


Regional staff were scheduled to remove the obstruction in the fall of 1989. 


Regulator Location: Glen Road/Tope Crescent 


CSO Outfall: King 


Neighbourhood Map Number: E? 


Detailed Plan Number: = 


Type and Function of Structure: STP - controlled sluice gate with weir 


This structure routes sewage to the western interceptor and diverts excess flows to the King outfall. 


Overview: 


A field investigation indicated the items below: 


115 The overflow weir has a height of 13 1% “. 

ee In the open position, the STP controlled sluice gate is 24 “ above the invert of the 36" sanitary 
sewer. 

3. The sanitary interceptor downstream of this regulator generally has unused capacity/storage 


for events smaller than 12 mm in depth. 


CSO's could be reduced at the King outfall by directing more flows into the interceptor. 


Suggested Works: Raise the height of the overflow weir. 
Difficulty Level of Suggested Works: Moderate 
Comments: 


The capacity of the 36" sanitary interceptor downstream of this flow regulator is unknown due to a 
lack of slope information. The analysis assumes an overflow threshold of 1.0 and 1.25 m*/s for 
existing and improved conditions, respectively. 


This outfall is located in a human contact area (i.e. parkland). 


Regulator Location: Chedoke/403 (east side of Highway 403) 
CSO Outfall: Dundurn 
Neighbourhood Map Number: Eg 


Detailed Plan Number: - 


Type and Function of Structure: STP-controlled sluice gate with weir. 


This structure routes sewage to the western interceptor and diverts excess flows to the Dundurn 
outfall. 


Overview: 
A detailed field investigation of this structure was not possible due to site limitations. However, based 


on downstream flow monitoring results and system knowledge, it was assumed the height of the 
overflow weir could be raised to double the inflow to the western interceptor. 


Suggested Works: 


Raise the height of the overflow weir. 
Difficulty Level of Suggested Works: Moderate 


Comments: 


The Dundurn outfall is located by a human contact area (i.e. park land). 


Regulator Location: Stuart/McNabb 
CSO Outfall: Hess 
Neighbourhood Map Number: G7 

Detailed Plan Number: = 


Type and Function of Structure: Weir with fixed sluice gate. 


Overview: 


This structure diverts combined sewage to the western interceptor through a 15" sewer. A field survey 
indicates the sluice gate covers half of the 15" sewer. Combined sewer overflow volumes at the 
downstream Stuart Street regulator (Hess outfall) could be reduced by directing more sewage to the 
western interceptor. 


Suggested Works: 


Adjust the sluice gate to allow more flow to be conveyed to the sanitary interceptor. 
Difficulty Level of Suggested Works: Moderate 
Comments: 


Adjustment may not be required as the Region has plans to construct a CSO storage facility 
downstream of the regulator. 


Regulator Location: James/Guise 


CSO Outfall: James 

Neighbourhood Map Number: G-5 

Detailed Plan Number: 87-S-37 

Type and Function of Structure: Weir with fixed sluice gate. 
Overview: 


A field survey indicates the sluice gate exposes only one-third of the 375 mm (15") Sanitary line that 
conveys flow to the sanitary interceptor. This branch of the sanitary interceptor appears to have 
minimal inflows and, consequently, CSO volumes may be reduced by directing more combined 
sewage flow to the sanitary interceptor. 


Suggested Works: 
Adjust the sluice gate to allow more flow to be conveyed to the sanitary interceptor. Overflow weir 
height could also be raised. 


Difficulty Level of Suggested Works: Moderate 


Comments: 


This outfall is located in a human contact area (i.e. Marina). 


Regulator Location: Catharine/Brock 


CSO Outfall: Catharine 
Neighbourhood Map Number: Heo 

Detailed Plan Number: 72-S-367 

Type and Function of Structure: Weir with fixed sluice gate. 
Overview: 


A filed survey indicates the sluice gate exposes only one-third of the 15/18" sanitary line that conveys 
flow the sanitary interceptor. This branch of the sanitary interceptor appears to have minimal inflows 
and, consequently, CSO volumes may be reduced by directing more combined sewage flow to the 
Sanitary interceptor. 


Suggested Works: 
Adjust the sluice gate to allow more flow to be conveyed to the sanitary interceptor. Overflow weir 
height could also be raised. 


Difficulty Level of Suggested Works: Moderate 


Comments: 


This outfall is located in a human contact area. 


Regulator Location: Beach/Kennilworth 


CSO Outfall: Kennilworth 

Neighbourhood Map Number: N-6 

Detailed Plan Number: 85-S-54 

Type and Function of Structure: Overflow weir and orifice plate. 

Overview: 

‘E Current position of orifice plate (i.e. on the 200 mm drop pipe, Drawing 85-S-54) is unknown. 
e. Downstream sanitary sewer (i.e. the Western interceptor) may be able to accept additional 


inflow from regulator. 


Suggested Works: 


P Fully open the orifice plate. 


Difficulty Level of Suggested Works: Moderate 


Comments: None 


APPENDIX C 


REPRESENTATIVE CALIBRATION/VALIDATION HYDROGRAPHS 


FOR COMBINED SEWER SYSTEM MODEL 


a 
s 


CALIBRATION EVENT: JULY 27, 1989 
STRATHEARNE COMBINED SEWER @ VANSITMART 


FLOW RATE (cubic metres/second) 
. SEWER CAPACITY = 10.7 cms 


12 13 14 15 16 17 18 19 20 21 22 
TIME OF DAY (hour) 


—— SIMULATED =~ OBSERVED 


VALIDATION EVENT: SEPTEMBER 71,1989 
STRATHEARNE COMBINED SEWER @ VANSITMART 


FLOW RATE (cubic metres/second) 


SEWER CAPACITY = 10.7 cms 


6 rs 8 9 10 11 12 13 14 15 16 
TIME OF DAY (hour) 


| — SIMULATED - OBSERVED 


CALIBRATION EVENT: JULY 27, 1989 
FENNEL AVE COMBINED SEWER @ EAST 25TH 


FLOW RATE (cubic metres/second) 


SEWER CAPACITY = 16.5 cms 


12 13 14 15 16 17 18 19 20 21 25 
TIME OF DAY (hour) 


—— SIMULATED ~*~ OBSERVED 


VALIDATION EVENT: SEPTEMBER 1 ,1989 
FENNEL AVE COMBINED SEWER e@ EAST 25TH 


FLOW RATE (cubic metres/second) 
SEWER CAPACITY = 16.5 cms 


TIME OF DAY (hour) 


—— SIMULATED - OBSERVED 


CALIBRATION EVENT: JULY 27, 1989 
SANITARY INTERCEPTOR AT QUEEN AND BARTON 


FLOW RATE (cubic metres/second) 
= 


SEWER CAPACITY «= 2.0 cms 


TIME OF DAY (hour) 


—— SIMULATED --— OBSERVED 


VALIDATION EVENT: SEPTEMBER 1 ,1989 
SANITARY INTERCEPTOR AT QUEEN AND BARTON 


STP-CONTROLLED SLUICE 
GATES CLOSED UPSTREAM| 


FLOW RATE (cubic metres/second) 
3 SEWER CAPACITY = 2.0 cms 


ee Wes 
6 r 8 9 10 11 12 13 14 15 16 
TIME OF DAY (hour) 


—— SIMULATED * OBSERVED 
NOTE: STP-CONTROLLED SLUICE GATE CLOSURES NOT MODELLED 
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APPENDIX D 


KEY PARAMETERS FOR 


CSO STORAGE OPTIONS 
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APPENDIX E 
COST ESTIMATE DATA FOR REMEDIAL WORKS 


Cost Estimates for CSO Storage Facilities 


Preliminary cost estimates were established for the alternatives described in Section 9 using the data 
presented here. In general, the cost estimates were based on unit costs as determined from other 
studies of a similar nature. Further description as to the method used for estimating costs is given 
below for each of the major components. All estimates include 20 percent engineering and 


contingency allowance. Estimates were updated to reflect late 1990 values. 


Tunnel Construction Cost 


Three recent studies (R.V. Anderson, 1990, Marshall, Macklin & Monaghan, 1990, Canviro, 1990) 
established tunnelling costs for various sewer (tunnel) diameters, depths and ground conditions. The 
results of these studies were plotted (Figure 1) and an average value was selected for a given 


diameter. 


Construction Costs for Storage Facilities 


Construction cost estimates for storage facilities were based on two studies (TAWMS, 1984, Canviro, 
1988) and from details of the Greenhill facility within the City of Hamilton and the eastern beaches 
tank in the City of Toronto. Collectively these studies provided estimates for a range of sizes (i.e. 
2,000 m® to 70,000 m’). A best-fit estimate was then established based on the various estimates 


(Figure 2). 


Land Costs 


The estimated cost to purchase land for any proposed storage facilities was carried out by: 


= selecting likely sites for proposed facilities; 


ws requesting estimated land values for each site from engineering staff at the Regional office. 


The estimated land value costs range from $20,000/ha to $1,000,000/ha and are summarized in 


Table 1. 


; 


FIGURE 1: TUNNEL CONSTRUCTION 
COSTS 


COST PER METRE (thousands) 


| I 
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INTERNAL TUNNEL DIAMETER (m) 
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FIGURE 2: CONSTRUCTION COSTS FOR 
REINFORCED CONCRETE TANKS 


| 


10 246, 30 40 5) 
STORAGE VOLUME (cubic metres x 1000) 


TABLE 1 
POTENTIAL SITES AND LAND COSTS FOR OFFLINE COMBINED SEWER 


OVERFLOW STORAGE FACILITIES 


Neighbourhood Map | General Description CSO Outfalls Estimated Land 
Number Which May Be Cost Per 
Stored At Site Hectare * 


Industrial/commercial lands (i.e. parking lots) | All outfalls along $800,000 
in the Barton/Burlington Street area from the | waterfront 

James Street outfall to the Dunn Avenue between James 

outfall. and Dunn. 


Parklands south of Dock Service Road and James, Catharine | Easement 
north of Burlington Street. Ferguson and $200,000 
Wellington 


Parklands east of Royal Avenue/Stroud Royal Easement 
Road. $250,000 


HEPC lands northwest of Main Street and McMaster 

Ewen Road Easement 
$20,000 
Highlands 


$1,000,000 


88 Parkland by the existing Greenhill Avenue Greenhill Easement 
CSO storage facility. $20,000 

136 Ravine lands north/south of Sterling Avenue. | Sterling Easement 
$50,000 


S1/99/113 Lands in the Redhill Creek Valley Queenston, Easement 
Melvin and $20,000 
Lawrence 


ter Lands with Victoria Park King and Easement 
Dundurn $300,000 

Open space south of King Street, north of King and Easement 

Main Street and west of Dundurn. Dundurn $250,000 


Lands by the Simcoe/Strachan Street Queen and Hess _ | Easement 
pumphouse where the proposed CSO $200,000 
storage facility will be constructed. 


* Land costs supplied by the Regional Municipality of Hamilton-Wentworth. 


Cost Estimation for Wastewater Treatment Plant 


CAPDET is a Computer Assisted Procedure for the design and evaluation of wastewater treatment 
systems. This program is primarily a planning tool which permits the evaluation of specific or 
alternative treatment trains on a performance/cost basis. For this study, only the cost estimation 
Capabilities of the CAPDET program were of particular use as other, more sophisticated, computer 


simulation procedures were used to identify the appropriate plant expansion requirements. 


In order to have cost estimates calculated by the CAPDET program, the model of the treatment plant 
comprising the expanded Woodward Avenue WPCP was coded into the program. The treatment train 
model was simplified by disregarding the complexities of a branched plant (new side and old side) and 
considering only the total primary clarification surface area, the total aeration volume and the total 
secondary Clarification surface area of the expansion. Thus, the treatment train for each of the two 


scenarios Comprised: 


Scenario 1 Scenario 2 
1 Overflow/Year 4 Overflows/Year 

Preliminary Treatment Expand Expand 
Primary Clarification 120,000 ft? 104,000 ft? 
Aeration 5.8 MG (US) 5.8 MG (US) 

Mechanical Mechanical 
Secondary Clarification 139,000 ft? . A17;,000 Tt 
Chlorination No Change No Change 
Anaerobic Sludge Digestion No Change No Change 


Cost estimation was based on values for material costs (incorporated into the program) and 
parametric cost estimation equations (also incorporated into the program). The default values are 
correct for the base year reflected by the value of the Marshall and Swift Cost Estimating Index 
(577.0). Current costs for each train were estimated by applying the multiplication factor formed by 
the ratio of the latest available Marshall and Swift Index (917.9 for 3rd quarter 1990) and that for 


establishing the current values for the many unit material costs required by the CAPDET program. 
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The plant expansion estimates incorporate the effect of a 50 percent engineering and contingency 
allowance which accounts for the anticipated difficulties in retrofitting proposed tankage to existing 
tankage. This allowance (50 percent) was arbitrarily established at this preliminary costing stage and 
would require a more detailed review for firmer refinement after completion of the recommended plant 
planning study. Cost estimates for the high lift pumps were established by telephoning equipment 
suppliers while cost estimates for the equalization tank was based upon $160/cubic metre of storage 


volume. 
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APPENDIX F 


DRAINAGE RATES FOR 
CSO STORAGE FACILITIES 


Introduction 


This Appendix discusses the influence of CSO storage facility drainage rates on the level of CSO 
control obtained by such facilities. The analysis is based on CSO patterns at the representative 


Strathearne Avenue CSO outfall sewershed and includes: 


: An analysis of storage tanks sized for both the 4 and 1 CSO events/year control 
strategies. 
re Analyses during the typical (1989) and wet (1981) years to illustrate the estimated average 


and minimum levels of contro! which would be attained by the facilities. 


Analysis 


The size of a CSO storage facility is dependent on two factors, namely: 


= the level of CSO control required; and 
= the rate at which the combined sewage in the facility is to be drained back to the sanitary 


system. 


The first point was addressed in Section 9 by sizing the CSO storage facilities using either a 1 
CSO/year or a 4 CSO year control strategy. The second point also influences the effectiveness of a 
facility since CSO's may occur for small or medium sizec rainfall events if a facility has not been 
drained quickly enough to provide sufficient storage for subsequent events. CSO storage facility 


“draw-—down' time is, therefore, an important issue which must be addressed. 


Storage facility draw—down time itself is influenced by: 


- the interevent time between rainfall events; and 


= the ability of the WPCP to treat stored sewage. 


These factors will determine, along with tank size, the level of CSO control obtained by any proposed 


CSO storage plan. 


An estimate of appropriate draw—down times was made by considering the points outlined below. 


hs The average interevent time between rainfall events is approximately 3.5 days, assuming 


a minimum 24 hour interevent time. 


2. Under existing conditions, rainfall events increase WPCP inflows for a period of 0.5 to 1.0 


days (Section 4). 


Therefore, on average, the maximum time available to treat stored CSO's varies from approximately 
2.5 to 3.0 days if it is assumed that all stored sewage is to be treated before the next rainfall event 
occurs. However, it may also be feasible to treat stored CSO's for a period longer than the interevent 
time between rainfall events. Tank drawdown rates of 2, 3, 4 and 5 days were, therefore, considered. 
Both the typical (1989) and wet (1981) year were considered in the analysis. The analysis focused 


on the representative Strathearne CSO outfall sewershed. Results are listed in Table 1. 


A review of Table 1a indicates the level of CSO control obtained by the proposed 1 and 4 CSO/year 
tanks brackets the required level of constituent loading reduction during a typical year as outlined in 
the RAP documents. Also evident from Table 1 is that the level of CSO control obtained from an 
off-line storage facility is not overly sensitive to the drainage rate of the facility. This is an important 
observation since fast drainage rates will require more WPCP expansion to treat CSO inflows than 


slow drainage rates. 


Table 1b indicates the level of CSO control that would be attained by the proposed storage facilities 
during a wet (1981) year. Generally, the proposed 1 and 4 CSO/year control strategies can be 
expected to provide 80 and 70 percent CSO volume control, respectively. These values represent the 


minimum level of CSO control that the proposed storage facilities are expected to provide. 


TABLE 1 
INFLUENCE OF CSO STORAGE FACILITY DRAINAGE RATE 
ON CSO CHARACTERISTICS 


a) Typical (1989) Year 


Conditions Number of CSO CSO Volume ( Percent Reduction 
Events in CSO Volume 
309,000 ee 


Proposed 1 CSO/Year Tank 
-With 5 day Drainage Rate 
-With 4 day Drainage Rate 
-With 3 day Drainage Rate 
-With 2 day Drainage Rate 


Proposed 4 CSO/Year Tank 
-With 5 day Drainage Rate 
-With 4 day Drainage Rate 
-With 3 day Drainage Rate 
-With 2 day Drainage Rate 


* CSO volume under existing conditions and CSO tank overflow volumes under proposed conditions 


b) Wet (1981) Year 


Conditions Number of CSO CSO Volume (m’)* Percent Reduction 
Events in CSO Volume 
ee 


Proposed 1 CSO/Year Tank 


-With 5 day Drainage Rate 167,000 75 
-With 4 day Drainage Rate 149,000 78 
-With 3 day Drainage Rate 132,000 80 


-With 2 day Drainage Rate 


Proposed 4 CSO/Year Tank 
—With 5 day Drainage Rate 
—With 4 day Drainage Rate 
-With 3 day Drainage Rate 
-With 2 day Drainage Rate 


243,000 
220,000 
190,000 


* CSO volume under existing conditions and CSO tank overflow volumes under proposed conditions. 
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APPENDIX G 


TECHNICAL EVALUATION OF WOODWARD AVENUE WPCP CONTROL OPTIONS 


Optimization of Present Plant 


The following improvements to the present plant were investigated for steady-state conditions. 


\- Full utilization of the aeration tank volume 

2s Evaluation of the number of rotors in use on the North side aeration tanks. (Only 5 out of 
the 6 were in use in the summer-fall period of 1989 due to energy conservation objectives). 

<5 Optimization of the Sludge Residence Time (SRT) on the North side and the South side 

4. Evaluation of the present flow split between the North side and South side (the split is 
approximately 2/3 — North, 1/3 - South) 


The following improvements to present practices for dynamic conditions were evaluated. 


i Increasing sludge recycle without bypassing. 

re Application of step—feed. 
Allocation of more flow to the south side during storm flows, since the south side was quite 
stable in terms of performance, even during the Hurricane Hugo storm. 

4. Diversion of wasted solids directly to the digester rather than to the primary clarifiers (via 


the influent). 


The results are described in detail in BEAK (1991); the pertinent findings relevant to the stormwater 


impact study are: 


ly Optimization of SRT on the North and South side. The objective of optimization was to 
achieve significant nitrification during normal DWF but to keep MLSS as low as possible to 
minimize washout during storms. The simulations suggested the following operation 


conditions. 


-  AnSRT on the North side of approximately 8 d would keep MLSS low (2500 g/m° and 
achieve significant nitrification (effluent calculated TKN values of 8 g/m), and result 


in sludge wastage of approximately 1900 m°/d. 


- | AnSRT onthe South Side approachina 7 d would give partial nitrification. The model 
simulations evaluated the aeration tank capacity as a function of increasing MLSS; full 
scale trials in the direction suggested by the calculations are recommended to 
establish whether an SRT 7d is the appropriate target value for present operating 


conditions, in the plant. 


2. For dynamic control in the present plant, the simulations indicated that application of step 
feed in an conjunction with allocation of 50% of the flow to the south side had the greatest 
performance benefit. But the degree of treatment was still inadequate relative to desired 
target levels of 25 mg/L suspended solids concentration. This statement is based upon the 


following calculated concentrations: 


Condition Peak SS Concentration 
Hugo Hydrograph, No By Passing, and 
Increased Sludge Recycle 500 mg/L 
Hugo; No By Passing; Step Feed 120 mg/L 
Hugo; No By Passing, Step Feed on 
North Side, 50% of flow to South 
Side for 4 hours 80 mg/L 


Baffling North Side Settlers and Application of Step Feed 


Dynamic control in the present plant was next investigated using step feed in combination with 
improving the north side settlers. A range of flows were applied to the plant. The titles described in 


Table 1 for flow represent the following hydrographs: 


= Hugo — The storm flow pattern of Hurricane Hugo 

= 1.5 * Hugo - The Hugo Hydrograph multiplied by 1.5 

= 2 * Hugo — The Hugo Hydrograph multiplied by 2.0 

= "As Is 25 mm" — The hydrograph calculated to arrive at the plant from a uniform rainfall 
over the City with overflow devices set to present conditions in the fal! of 1989. 

= "All Flow, 25 mm" —- The hydrograph from a 25 mm rainfall without any CSO discharges 


allowed to the Harbour. 


TABLE 1 


CALCULATED DYNAMIC PERFORMANCE OF HAMILTON WPCP 


Flow Hydrograph 
Flow Rates Hugo Flow Flow "As |s" “All Flow" 
1.5 x Hugo 2 x Hugo 25 mm 25 mm 


Average Flow (MLD) 
Treatment Scheme Daily Effluent Suspended Solids Concentration 


Existing Settlers; 

No Step Feed 114 294 306 310 Oty 
Existing Settlers: 

Step Feed 35 233 Zio 250 297 
Improved Settlers; 

No Step Feed 23 49 148 155 308 
Improved Settlers; 

Step Feed 22 35 67 76 238 


The treatment schemes examined included the following: 


= Existing settlers - performance derived from directing all flow through the plant (i.e. no plant 
bypassing) but bypassing the primary clarifiers as per present operating policy and no 


improvement to the North Side settlers 


= Improved settlers — direct all flow through the plant without any primary, secondary or plant 
bypassing, and improving the north side settlers (by baffling; better entry flow control, etc.) 


to give improved performance. 


= Step Feed - application of step feed to the north side train. Note step feed cannot be 
applied to the South side in its present configuration because each unit is well mixed. The 
flow network would have to be modified to put 2 aerator tanks—in-series in order to allow 


step feed application. 


The flow hydrographs represent a gradation in peak flow rates (see Table 1) from 615 MLD to 2200 
MLD and a graduation in average daily flows from 440 MLD to 810 MLD. The 2 * Hugo scenario has 
a lower peak flow rate than the two 25 mm based hydrographs, but has approximately the same 
average daily flow rate (810 MLD) as the "All Flow, 25 mm" hydrograph (780 MLD). These average 
day flow rates are equivalent to the rate imposed on the plant if overflow volumes for control to one 


overflow/year were stored and fed to the plant over approximately 2 to 2.5 days. 


The average suspended solids concentration in the plant effluent is given in Table 1 for each of the 
flow hydrographs and for 4 combinations of treatment schemes. Calculated concentrations for several 


other parameters, including BOD,, ammonia, nitrate, and TIXN are given elsewhere (BEAK, 1991). 


The results indicate that the present plant could achieve effluent concentrations in the range of 25 
mg/L with improved settlers and step feed, and would be within 50% of this value with step feed alone. 
However for flow patterns much above that of Hurricane Hugo, the present plant would be significantly 
above an effluent suspended solids concentration of 25 mg/L even if both step feed and improved 
North side settlers were used (see, for example, predicted effluent suspended sotids concentrations 


for 1.5 * Hugo and larger flow hydrographs). 


ov vaya kay Fie 


Other improvements in the present plant were examined, such as allocation of more flow to the South 
side for a short period. This has the effect of allowing the plant to handle somewhat larger storm 
related volumes. But these flow volumes are not substantial, relative to the plausible flows which 
would be directed to the plant with full implementation of a storage option designed to bring the 
overflow frequency to a lower level (4 overflows/year; 1 overflow/year) or to reduce the total overflow 
volume to values such as 10% of present discharge levels as suggested by the Hamilton Harbour 


Remedial Action Plan. 


Accordingly, expansion options were next considered. 


Expansion Options 


A variety of expansion options were considered (BEAK, 1991) including: 


= expansion of only the secondary settlers 
= expansion of the primary and secondary settlers 
= expansion of the primary and secondary settlers and aeration tank capacity (in the form of 


increasing the aeration coefficient) 


The results are as follows: 


qe Operating the plant in step feed mode, the final clarifiers, need to be expanded by 4 times 
in surface area if 1250 MLD enters the plant over the period of Hurricane Hugo. This flow 
volume is equivalent to the existing dry weather flow plus a stored volume of approximately 
970 ML; or to the projected dry weather flow at 2025 of 420 MLD plus a stored storm 


volume of approximately 800 ML. 


Note for this scenario of expanding the final clarifiers, new equalization storage in the 
system is not required, but expansion of the trunk mains, high lift pumps, and connecting 


channels in the Woodward Avenue WPCP is required. 


ji Operating the plant in step feed mode, the final clarifiers need to be expanded by 60 % to 


maintain 20 mg/L SS in the effluent if the average flow rate originating from dry weather and 


stored CSO sources is 600 MLD. This flow rate of 600 MLD is equivalent to present dry 
weather flow plus treatment of a stored volume of 970 ML over 3 days, or to the projected 
future 2025 dry weather flow of 420 MLD and treatment of 540 ML of stored CSO volume 
over a 3 days period. (The 540 ML is roughly equivalent to storage required to attain 4 


overflows/year). 


If the plant is not operated in step feed mode, a plant expansion involving doubling the area 
of both the primary and secondary clarifiers by 100% (i.e. doubling this surface area) and 
changing the aeration capacity on the South side such that the K,a, the aerator coefficient 


is doubled, results in the following performance. 


= it adequately treats CSO stored water of 800 ML diverted to it over 3 days together 
with the 2025 dry weather flow rate of 420 MLD (Effluent concentrations from the 
primary tank are BOD, = 60 mg/L: SS = 55 mg/L: effluent concentrations from the 
secondary tank are BOD, = 10 mg/L: SS = 25 mg/L) 

- _ it is optimized to achieve nitrification (77-80% range with effluent concentrations of 
less than 2 g ammonia-N/L) and adequate residual dissolved oxygen (1 g/m°) 


- the MLSS values and sludge blanket heights are at safe levels 


Summary of Expansion Options 


(a) 


A plant expansion of 50 percent for the primary and secondary settlers and changing of 
aeration system from mechanical aerators to diffused air systems would appear capable 
of achieving effluent suspended solids targets of 25 mg/L as a daily average when the 
expanded plant is operated in step feed mode for 3 days to handle present dry weather 


flows plus stored CSO volumes from an "1 overflow per year" rainfall work. 


The expansion analysis is based upon the simulation which suggested that an 
expansion of the secondary clarifiers by 60% with step feed would achieve effluent 
target for suspended solids plus the practical rating of the present clarifiers (by— 
passing primaries at 380 MLD 85 IMOD) requiring an expansion of approximately 33% 
to handle the equivalent flow of 510 MLD (280 MLD of dry weather flow plus stored 
CSO volumes of 700 ML diverted to the plant over 3 days. 


A plant expansion of 100% of primary and secondary settlers and expanding the aeration 
systems would appear capable of handling future dry weather flows plus treating stored 
volumes equivalent to one overflow per year, without using step feed. Based upon a 
screening level evaluation of the present south side aeration system, an expansion of the 
present south side aeration, tank surface area by 50% may meet the requirements. 
Conversion of the surface mechanical aerators to diffused aeration system may add also 


additional aeration capacity, but increase maintenance problems. 


Accordingly, cost estimates are given for expanding the primary and secondary aerators 
by 100% and the aeration tanks by 50%. 
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APPENDIX | 
ADDITIONAL INFORMATION ON 
CSO QUALITY CHARACTERISTICS 


The objective of this Appendix is to illustrate that CSO pollutant loadings may differ from those values 


reported in Section 6. To achieve this objective this Appendix will: 


e briefly review the procedures used to define the event mean concentrations of the water 
quality constituents in CSO to illustrate that the adopted procedures are appropriate for a 


planning level study; 


e highlight some of the processes which were not accounted for which may increase or 


decrease total loadings to Hamilton Harbour; and 


e list a range of concentrations of the water quality parameters which may be expected in CSO. 


The Appendix will conclude with an overview as to how the accuracy of the constituent loadings to 


Hamilton Harbour may be increased through additional studies. 


Procedures and Assumptions in the Hamilton PCP Study 


To determine the EMC of the water quality parameters in CSO, and the corresponding loadings to 


Hamilton Harbour, the procedure outlined below was used in the PCP study. 


2 EMC for the water quality constituents in sanitary sewage were based on observed 


concentrations at the Woodward Avenue WPCP. 


e EMC for stormwater flows was based primarijy on the widely used United States 
Environmental Protection Agency's National Urban Runoff Program (i.e. NURP) reports, and 


the experience of the study team with stormwater quality elsewhere in Ontario. 


) The EMC of the water quality constituents in CSO were computed by the calibrated/validated 
SWMM4 model of the Region's combined sewer system. That is, the model considered: 
sanitary flows in the system (essentially constant during a storm event); stormwater flows 
(extremely variable) and the hydraulic characteristics of the CSO flow regulators to determine 


the water quality characteristics of CSO, and hence loadings to Hamilton Harbour. 
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This approach was taken since there exists very little observed data on the quality of CSO from the 
Region's combined sewer system. Therefore, it would be unappropriated to extrapolate CSO EMC 


data from other studies since: 


9 the quality of sanitary sewage in the Hamilton areas would be unaccounted for; 


° the influence of the combined sewer system's hydraulic characteristics on CSO water quality 


would be ignored; and 


C) the influence of storm dynamics in the Hamilton area on the sanitary sewage/stormwater flow 


volumes would also be disregarded. 


In summary, the procedures adopted in the current study incorporated known (i.e. sanitary sewage) 
data, representative stormwater quality data, the hydraulics of the combined sewer system, and the 
dynamics of rainfall events — rather than merely extrapolating data from other studies — to estimate 
the quality of CSO in the Hamilton area. The resulting loadings of SS, TP, etc., reported in Section 


6 are, therefore, expected to be of the right order of magnitude. 


Other Processes 


The procedure outlined above for computing the quality of CSO, and hence CSO loadings, is thorough 
and appropriate for pollution control planning purposes. However, there exists other factors which 
were not accounted for in the study which may increase/decrease the loadings above/below those 


values presented in Section 6. An overview of these factors follows. 


e The settling and resuspension of particles in the combined sewer system was not accounted 
for in the study. Settling of particles in combined sewer systems is common since combined 
sewers, which must be sized to convey peak stormwater flows, often have poor flow hydraulics 
during dry periods. As a result, particles which are usually held in suspension in sanitary 
sewage are often deposited on the invert of combined sewer system, only to be resuspended 
during runoff events. Consequently, a receiving body of water may be subjected to a “shock” 
loading if the resuspended particles are discharged to the receiving body as CSO, rather than 
to a WPCP for treatment. Within Hamilton, deposition of solids within the combined sewer 


system was observed during the flow monitoring/field inspection program 
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e This study lumped CSO at the major flow regulators, as the combined trunk sewer system, 
while CSO at more local flow regulators were ignored. It is the opinion of the study team that 


this assumption did not introduce large errors into the analysis. 


e Sewer surcharging was not accounted for during the analysis. Based on the flow monitoring 
results and the study team's knowledge of the Region's combined sewer system, it is 
anticipated that the combined trunk sewers surcharge infrequently, while most of the Western 
interceptor is expected to surcharge during large rainfall events (e.g. events greater than 
15 mm). Under surcharged conditions in the Western Interceptor, it is anticipated that most 
combined sewage from the central business district would be discharged directly to Hamilton 


Harbour. 


e The CSO analysis was conducted from May 1 to October 31, a period with frequent convective 
rainfall events (e.g. short duration, high intensity) which cause the greatest stormwater flows 
in the system. Hence, relatively low EMC for CSO resulted, since stormwater runoff is 
generally much weaker in strength than sanitary sewage (see Table 5.4). Had the analysis 
been expanded to incorporate the rest of the year, and hence less severe snow melt and 
frontal storm events (i.e. long duration, low intensity events), then stormwater flow magnitudes 
would be smaller on average. Consequently, CSO sewage strength is expected to be greater 


on an annual basis, than that which is reported here for the May 1 to October 31 period. 


CSO EMC Reported in Earlier CSO Studies 


Table 5.4 lists the EMC of the various water quality parameters as computed in this study, and as 
reported in earlier CSO studies. A review of Table 5.4 indicates that the results reported in this study 
are generally within the range of results reported in earlier studies, although usually at the lower end 
of the reported values. This tend may be the result of the characteristics of the Region's combined 


sewer system, or it may be a result of not accounting for deposition/resuspension, etc. 


The values in Table 5.4 are useful as they may be used to provide alternative planning level estimates 
of loadings to Hamilton Harbour. For example, if the median ammonia EMC value from the Woodward 
Clyde reports is assumed to be representative of the study area (i.e. a concentration of 1.9 rather than 
1.3 mg/l), then an alternative estimate of the ammonia loading would be approximately 46 percent 


greater than that which was reported in Section 6. Similar estimates could also be prepared for the 
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TABLE 5.4 
EMC DATA FOR SANITARY SEWAGE, 


WPCP EFFLUENT, STORMWATER RUNOFF 


Parameter Sanitary WPCP Effluent | Stormwater Runoff | Stormwater Runoff 
Sewage EMC EMC (mg/l) EMC (mg/l) EMC (mg/l) 
Urban Areas Rural Areas 


4 EMC data was obtained through: 
Analysis of STP influent and effluent. 
NURP or Woodward-Clyde Reports. 
Observed stormwater flows from urban areas throughout Ontario. 
Rural stormwater flows observed in the Picton area. 
MOE's "Technical Guidelines for Preparing a Pollution Control Plan. 


A review of the Woodward Avenue WPCP's Certificate of Approval. 


one 4 -_ 
other water quality parameters to determine a range of possible loadings of the parameters to 


Hamilton Harbour. 


Summary 


In summary, the planning level methods applied in this study to ascertain constituent loadings to 
Hamilton Harbour were based on observed data and reasonable assumptions. The loadings 
presented in Section 6 are, therefore, expected to be of the right order of magnitude. However, 
various processes/conditions which may influence constituent loadings were not accounted for and 
hence actual loadings to Hamilton Harbour may differ from those presented here. To provide 
additional insight into the range of loadings which may be anticipated, this Appendix has presented 
a range of EMC data for CSO. 


lf it is required to increase the accuracy of the constituent loadings to Hamilton Harbour, then it is 
recommended that a long-term CSO quantity/quality monitoring program be adopted. The program 
should span at least one calender year so that CSO quantity/quality characteristics for various types 
of runoff events (e.g. melt events and thunderstorms, etc.) could be determined. Large runoff events 
(e.g. greater than 12 mm) are the key events that would have to be monitored during the program 
since such events are estimated to contribute at least 60 percent of the CSO volume/loading to 
Hamilton Harbour. It is also recommended that CSO quantity/quality monitoring be conducted at a 


minimum of 4 outfalls to determine representative CSO characteristics throughout the Region. 


CUI 


